Introduction
Ever since the LTP was first used for measuring long mirrors of arbitrary figure, there has been an on-going effort to increase the accuracy and reduce inherent noise of this instrument. The first LTP built by Takacs et a1. 2 provided a means of measuring this class of optical components that no commercially available instrument could provide. At that time it was impressive to have slope features in the sub-milliradian (mrad) regime revealed.
More recently, high-brightness synchrotrons have pushed requirements of optical components in beamlines to preserve the brightness. Third-generation. synchrotron beamlines have produced designs which specify slope errors of less than one microradian (""rad) rms. In order to achieve this goal, a straightness reference 3 was employed, which compensated for errors in carriage movement. An improved air bearing stage, environment control, and improved mounting methods 4 also reduced the noise level, so that slope errors of 160 mm long mirrors could be measured with accuracies better than 1 ""rad rms.
A schematic of the LTP is shown in Figure 1 . When the straightness reference was conceived, it was assumed that any slope errors coming from angle changes generated by the carriage would be removed from the SUT measurement. This included slope errors from laser pointing instability. Data from many measurements supported this assumption. However, after the practice of LTP measurements had improved significantly, small deviations in slope were noticed in both the SUT and REF slope functions. If these slope deviations were truly part of the SUT, then they would be seen in only the SUT measurement and not the REF These smail deviations were seen in both the REF and SUT measurements. However, when the REF function was subtracted from the SUT function so that carriage pitching .errors would be removed, then the magnitude of these smail deviations was increased in the resulting slope function. Apparently, there was a source of slope error manifest in the reference with magnitude or sign different than the carriage pitching errors. On "bad days" they would be very noticeable with magnitudes of about 1 J-trad and periods of around 2 to 20 mm. On "good days" these deviations would be barely noticeable, and the functions would be very smooth. 
Angle analysis
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I . Figure S , then the third pattern will be imaged at one end of PD. As before, the REF pattern is at the other end of PD. The SUT pattern then is allowed to reside anywhere on the array between the two reference patterns. The third slope function from this third pattern will then have variations only as a result of angular beam changes from S to BSe to PD.
x is the coordinate for the carriage movement (see Figure 1) . Let the frue slope function of the SUT be sex). Let the laser pointing error component be p(x), and let the carriage pitch error component be c(x). Now suppose that the third pattern from BSe is placed at the left end of PD, and that the slope function calculated from that pattern is L(x). Also, the pattern from the SUT is between the two other patterns; let the slope function calculated from that pattern be M(x). Figure 5 . Addition of extra beamspl\tter BSe.
It is seen from Figure 4 that the pattemL(x) will consist entirely ofp(x). In keeping with the convention that counterclockwise angles are positive, a change of cp at S produces a change p(x) at PD. Thus
L(x) = p(x).
(1) 
Analysis of a change in p(x) in the beam from S shows that upon reflection from the REF mirror, R(x) will contain component p(x). Furthermore, analysis of the effect of c(x) shows that R(x) also contains +2 c(x). Thus
Equations (1), (2), and (3) are a set of three unknowns in three equations. Systematically solving them for sex) gives
6 Equation (4) gives the true slope function of the SUT in terms of the three measured slope functions. The factor -2 in the denominator reminds us that the optical beam angular change is twice the surface angular change, and that reflection of the SUT beam from BS causes an angular sign change.
Sample measurement of a flat mirror
Before the extra beamsplitter BSe was employed, a typical data processing session for a mirror would consist of subtracting the REF signal from the SUT signal, i.e. adding R(x) to M(x) and dividing by -2 to obtain sex). Figure 6 shows the result of measuring a flat (assured to be better than ')J50) mirror, and processing the data in this fashion. Mid-period variations .are seen to. be fairly pronounced, and there is significantcurvature. These measurements were then processed using the extra beamsplitter and the formula (4) . The results are shown in Figure 7 . Notice that now the edge rolloff from polishing is visible at the ends of the measurement scan. The midperiod variation is significantly reduced, and the resulting variation is below 0.5 f,.trad. Measured curvature is also much less. CUlvature of the surface is manifested as degree of tilt in the slope plot. Thus in Figure 6 much of the curvature is seen to be from R(x). Using the previous data processing procedure, it could only be assumed that curvature in R(x) is due entirely to c(x) (sag in the ceramic beam, for example). After data processing, sex) would contain the extra curvature seen in R(x). Figure 7 shows that the gradual laser pointing drift p(x) (manifest in L(x) is largely responsible for the extra curvature in R(x). Applying the processing formula (4) significantly reduces the curvature that would otheIWise be in sex).
The measurements presented here are neither the best nor the worst of all measurements made on this mirror. The author believes them to be typical. However, careful preparation was made for this measurement. Metrology of this scale requires acute attention to mounting methods and temperature control on the order of 0.1 degrees Centigrade over the time of the measurement scan.
Conclusion
The problem of identifying and analyzing a source of error (laser pointing change) in slope measurement using an LTP has been discussed. One method of " correcting for the. laser pointing change has been described, and the results of this correction are encouraging. Ii is desirable to reduce the amount of pointing change in any case, and this might be done by transferring the light from a laser via a single mode fiber to the position indicated by S in the above figures. Evaluation of this idea is pending.
